sections (NILSSON, 1964 (NILSSON, , 1965 HIROSAWA, 1971; ROSENKRANZ, 1973; NIR and HALL, 1974; NIR and PEASE, 1975) . Single or combined artifacts produced by fixation (COHEN, 1971; KORENBROT, BROWN and CONE, 1973; JONES, 1974) , dehydration (NIR and PEASE, 1973) , staining (GODFREY, 1973) and/or sectioning (ROBERTSON, 1966) have been examined as possible factors which might cause such globular images. Even though some distortions may possibly result from such different treatment, it seems likely that the disk membrane actually contains the globular substructure.
These globular components have not been directly compared with freeze-fracture (FF) particles because both types of electron microscope images have not been fully trustworthy Recently, remarkable progress has been made by analytic electron microscopy, in particular, the three-dimensional model of bacteriorhodopsin polypeptides (HEN- DERSON and UNWIN, 1975) . The relationship between its single protein molecule, been evaluated by FISHER and STOECKENIUS (1977) . In FF replicas image resolution and complementarity are reported to be enhanced by lowering the specimen temperature while maintaining the vacuum at 10-9 Torr (GROSS, BAS and MOOR, 1978) . With regard to the morphology of an individual membrane particle, potential elastic and plastic deformations during FF procedure have been reviewed (SLEYTR and ROBARDS, 1977 comlementary fracture surfaces at higher magnification, in contrast to the complete matching of the cellular outlines. Terminology of plasmic fracture (PF) and exoplasmic fracture (EF) faces is employed after BRANTON et al. (1975) .
MATERIALS AND METHODS
Preparation
Cattle eyes were obtained from freshly killed animals (160 eyes in total for 23 experiments) at the regional slaughterhouse, and stored in ice-cold physiological saline for 30-120min for both epoxy-resin sections and FF specimens. The retinae were (SABATINI, BENSCH and BARRNETT, 1963) . For some FF specimens the retinae were 1962). Such alteration did not result in any recognizable variations of findings.
Epoxy-resin sectioning
The fixed retinae were further treated with 3.3% osmium tetroxide solution ethanol series, the specimen was embedded in epoxy-resin (LUFT, 1961) . All sections were mounted on carbon-coated micro plastic grids (FUKAMI and ADACHI, 1965) , and stained with 2% uranyl acetate and saturated lead citrate (WATSON, 1958; REYNOLDS, 1963) .
3. FF instruments and procedures retina was then placed in the specimen holder ( Fig. 1 , 2) and frozen with liquid nitrogen without preliminary freezing with other coolant. The complementary FF device consisting of the specimen holder and cooling socket was used (TONOSAKI and YAMAMOTO, 1974) . It has been modified in this laboratory to protect the specimen holder from frost during the transfer from the nitrogen bath onto the stage of the evacuator and preliminary pumping. A copper cover was placed over the cooling socket while it was in nitrogen and was removed after 10-4 Torr was reached.
The covered parts were thus kept clean throughout the preparation. The thermal stability of the device is shown in the graph (Fig. 2) When the outer segments are laid slanting across the fracturing line of the specimen holder, they are fractured nearly-transversely ( of the PF face is remarkably serrated with a series of projections extending out over vertical cliffs of the underlying interdisk cytoplasm (Fig. 7, arrows) . The EF face which has been often described as smooth or particle-free is in fact characterized by Such textures are often characterized as a cobblestone pattern, particularly at low shadowing angles (Fig. 5) . The EF face does not present adequate numbers of depressions to receive the PF particles. Only uniquely shaped aggregations of particles can be correlated with their complementary counterparts (Fig. 7) . Note different surface density of bumps in the EF face depending upon its orientation towards the shadowing source (encircled area).
Marked faces in this figure are those of two membranes belonging to a single disk. to determine whether a PF particle represents one protein molecule plucked off the outer leaflet, or a mass of molecules resulting from the collapsed lipids and proteins. In the Halobacterium purple membrane (FISHER and STOECKENIUS, 1977) , omatidial rhabdomeric membrane (YAMADA and USUKURA, 1978) and darkadapted frog disk membrane (OLIVE and RECOUVREUR, 1978) , the PF particles have been described to be packed so densely that they form remarkable geometric arrays. In cattle we have failed to find PF particles organized with such a high degree of regularity, as shown with optical diffraction methods.
The higher lipid content, 40% in vertebrate disk membranes compared with 25% in the purple membrane (BLAUROCK, 1972) , may restrict the size of clustering PF particles.
in length, and penetrating the membrane transversely, its diameter should be conDalton molecular wt (WU and STRYER, 1972; RAUBACH, NEMES and DRATZ, 1974 faces can be obtained by fracturing in a high vacuum, using either hinged (STEERE and MOSELEY, 1969; MUHLETHALER, WEHRLI and MOOR, 1970) or unhinged devices (WEHRLI, MUHLETHALER and MOOR, 1970; TONOSAKI and YAMAMOTO, 1974) . It is probably not advisable for high resolution to transfer FF specimens into a bell jar after preliminary fracturing outside (CHALCROFT and BULLIVANT, 1970; SLEYTR, 1970) because of possible contaminating deposits during pumping. Our complementary methods have here proved that the specimen holder will be adaptable to a variety of tissue or cell preparations, with good reliability and reproducibility. It has been recently emphasized that the quality of an FF replica depends upon the extent to which one can maintain a high vacuum and a low temperature during the the procedure (GROSS, BAS and MOORE, 1978) . We are currently planning to incorporate such considerations to further improve our apparatus. Our efforts in this regard will be the subject of a future report.
